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Lightweigh Blade
Containment Acoustic Blade/Vane

Spacing

Acoustic
Bulk

Absorber

32 Blade Fan
Quarter Stage Fan
Debris Separator

FADEC

Ten Stage
23:1 HPC

Short Stiff Core
Five Stage LPT

Active
Clearance

Control

Two Stage
HPT

Mixed 
Flow

Exhaust

Cycle Pressure Ratio at Max Climb1 38

Bypass Ratio at Max Climb1 6.8

Fan Pressure Ratio at Max Climb1 1.65

Turbine Rotor Inlet Temperature at 2450 F
Static Warm Day2 Take−off Power

Specific Fuel Consumption at Max Cruise3, 0.542 lbm/(lbf−hr)
Bare Engine

Specific Fuel Consumption at Max Cruise3, 0.564 lbm/(lbf−hr)
Installed Engine

1 Max Climb is the aerodynamic design point, M=0.8,
35,000 ft., standard day +18 F.

2 Sea level static warm day refers to a standard 59 F.

3 Max cruise is the performance evaluation design point,
M=0.8, 35,000 ft., standard day.
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X(s,t) ={ x, r, θ }

Minimum x NOT the Same as 
the Leading Edge

Use xMIN and x MAX profiles to create

meridional (x,r) point distribution (GRIDGEN)

x

r

Sweep constant (x,r) points through NURBS to
determine θ’s. Every point satisfies NURBS
equation.

θ
θ1

θ2

(xi,j,ri,j)

Distribute points across pitch of blade 
holding constant near−wall spacing.

NURBS

Identify radial profiles of x MIN and x MAX from 
NURBS surface.

4

21

3

Mesh Generation
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EEE Fan Section Aerodynamic Design Parameters
Engine Design Point: Max Climb (M=0.8, 35,000 ft ISA)

Inlet Radius Ratio 0.342

Fan Specific Flow 42.8 lbm/ft**2/s

Corrected Tip Speed 1350 ft./s.

Bypass Pressure Ratio 1.65

Core Pressure Ratio 1.67

Booster Mass Flow/ 0.22
Fan Mass Flow

Core Mass Flow/ 0.58
Booster Mass Flow

Bypass Ratio 6.8

NASA/CR—1998-206597                                                    39



EEE Fan Section Component Performance
Validation Mesh Block Size Tabulation

 Block I Index J Index K Index # Pts

1         113 81 49 448497

2        113 21 49 116277

3          97 65 33 208065

4           97 65 33 208065

5        105 33 33 114345

6           29 33 33   31581

7           89 33 49 143913

8         137 37 49 248381
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EEE LP Turbine Aerodynamic Design Parameters
Engine Design Point: Max Climb (M=0.8, 35,000 ft ISA)

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Energy Extraction 73.04   (31.4) 79.09   (34.0) 82.11   (35.3) 70.25   (30.2) 49.31   (21.2)
∆h J/g (BTU/lbm)

Pressure Ratio (Pt/Pt) 1.30 1.35 1.40 1.36 1.26

Aero Loading 1.71 1.58 1.43 1.13 0.80
∆h/2u2

Flow Coefficiect 1.25 1.08 1.04 0.98 1.07
Vz/u
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EEE LP Turbine Component Performance
Validation Mesh Block Size Tabulation

 Block I Index J Index K Index # Pts

1 97 49          33      156849

 2 97 49          33      156849

3 97        49          33      156849

4 97         49          33      156849

5 97         49          33      156849

 6 97         49          33      156849

 7 97        49          33      156849

8 97        49          33      156849

9  97       49         33      156849

10 97      49          33      156849
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Inlet First Endwall Mass Pt, Tt,, Adiabatic
Profile Vane Type Flow Exit Exit Efficiency
Type Reset (lb/s) (psia) (deg. R) (Mass−Averaged)

Flat 0 Smooth 67.652 10.299 514.01 91.72%
BL 0 Smooth 67.366 10.292 514.49 91.60%
Engine 0 Smooth 68.228 10.314 512.70 91.99%

BL 1 open Smooth 67.896 10.308 514.57 91.64%

Flat 0 Cavity 67.146 10.304 526.86 86.74%
BL 0 Cavity 66.705 10.284 522.92 88.27%
BL 1 open Cavity 67.784 10.316 522.60 88.53%

Notes:
1. Nominal inlet total pressure = 45.0 psia
2. Nominal inlet total temperature = 750 deg. R
3. Approximate variation in computed mass flow from blade row to blade row:

Smooth Endwall: 0.3%
Cavity Endwall:   2.0%
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EEE Core Compressor Aerodynamic Design Parameters
Engine Design Point: Max Climb (M=0.8, 35,000 ft ISA)

Corrected Tip Speed (m/s) 456
(ft/s) 1495

Inlet Radius Ratio 0.503

Flow/Annulus Area (kg/s/m2) 185.5
(lbm/s/ft2) 38.0

Rotor 10 Exit Hub Speed (m/s) 352.7
(ft/s) 1157

Rotor 10 Exit Radius Ratio 0.93

Outlet Guide Vane Exit Mach Number 0.30

Number of Rotors and Stators 1672

Average Aspect Ratio 1.48

Average Pitch Solidity 1.36

Adiabatic Efficiency 85.7%

Stall Margin Potential 25%
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Figure 9.22: Comparison of predicted and experimental spanwise total pressure ratio
distribution aft of the sixth stage rotor for the EEE HP compressor (design point operation).
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Figure 9.23: Comparison of predicted and experimental spanwise total pressure ratio
distribution aft of the tenth stage stator for the EEE HP compressor (design point operation).



Parameter (Units) Max Max Max Max Sea Level
Climb Climb+4% Climb Cruise Takeoff+27 F

Inlet Temperature   (deg. K) 1588 1591 1557 1515 1618
       (deg. R) 2858 2863 2802 2728 2913

Energy        (J/kg/de. K) 353.4 353.4 355.5 353.4 354.6
∆h/T        (But/lbm/deg. R) 0.0844 0.0844 0.0849 0.0844 0.0847

Speed        (rad/sec/  deg. K) 33.19 33.78 33.56 33.68 34.22
N/  T        (rpm/  deg. R) 236.2 240.4 238.9 239.7 243.6

Corrected Flow       (g  deg. K/sec/Pa) 0.8648 0.8913 0.8643 0.8638 0.8628
W/  T/P        (lbm  deg. R/sec/psi) 17.65 18.19 17.64 17.63 17.61

Loading 0.635 0.625 0.624 0.616 0.599
∆h/2U2

Efficiency 91.9 91.9 92.4 92.4 92.1
(η, %)
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Parameter        Stage

1 2

Pressure Ratio 2.18 2.18
Dh/2U2 0.69 0.56

Tip Speed (Take−off) (m/s) 513.9 535.2
(ft/s) 1686.0 1756

Cooling and Leakage (%) <−−−−−−−−  18.2  −−−−−−−−−−−−−>

Exit Mach Number 0.34 0.43

Reaction 0.38 0.35

Swirl, degrees 15 1

Number of Vanes 46 48

Number of Blades 76 70

Radius Ratio 0.88 0.82

%Tip Clearance 1.0 0.6

Parameter Stage 1 Stage 1 Stage 2 Stage 2
Vanes Vanes Blades Blades

Number 46 48 76 70

Solidity 0.71 1.07 0.96 1.06
AW/t

Zweifel Number 0.67 0.79 1.08 1.03

% Trailing Edge 7.2 6.6 8.1 7.4
Blockage

Aspect Ratio 3.3 4.4 3.8 4.6
AR=h/d0

Unguided Turn 8.4 11.0 13.0 15.5
DBs
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Number of blocks:           9

              Block I Size J Size K Size

                  1  65          45          81      
                  2  81             9         81
                  3  81          49          81 
                  4  81         49         81      
                  5  73          49         81      
                  6  73          49         81      
                  7  49          49          81      
                  8  65          49          81      
                  9  49          49          81      

 Total Number of Computational Cells:  2,275,992

NASA/CR—1998-206597                                                  73



NASA/CR—1998-206597                                                  74



NASA/CR—1998-206597                                                  75



NASA/CR—1998-206597                                                  76



NASA/CR—1998-206597                                                  77



Tt/Tref = 1.8

Tt/Tref = 1.7

Tt/Tref = 1.6 Tt/Tref = 1.3

Tt/Tref = 1.4

Tt/Tref = 1.5 Tt/Tref = 1.2

Tt/Tref = 1.1
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Wall Clock Time Summary
(100 Iterations of EEE/LP Model)

       Coarse Mesh         Fine Mesh
Number of Processors Number of Processors
8 16 32 8 16 32

LACE
communication 5380 2139 2707 N/A 23063 −
total solver time 7762 4846 4198 N/A 77427 −

Babbage
communication 952 403 735 − − 8763
total solver time 2673 1418 1089 − − 17518

Davinci
communication − − − 4617 − −
total solver time − − − 18122 − −

Allison SGI 
Power Challenge
communication 585 182 N/A N/A N/A N/A
total solver time 1278 673 N/A N/A N/A N/A

SGI
Origin 2000
communication 268 153 264 − − 3105
total solver time 781 403 327 − − 5528

N/A − not applicable (machine resources insufficient to performing the operation)
LACE: NASA Lewis IBM RS−6000 cluster.
Babbage: NASA Ames IBM SP2 cluster
Davinci: NASA Ames SGI cluster
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Compressor Turbine

Mechanical Coupling via Shaft

Aerodynamic Coupling via Flowpath

Aero−Mechanical Coupling in a Single Spool Gas Turbine

Mechanical Coupling via Shafts (Separately for LP/HP)
Aerodynamic Coupling via Flowpath (Joint LP/HP)

Aero−Mechanical Coupling in a Dual Spool Gas Turbine

LP Compressor
HP Compressor HP Turbine

LP Turbine

HP Shaft

LP Shaft
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Shaft RPM Fan LP Turbine HP Turbine

3507 8,622,000 6,947,200 12,634,000
3407 8,028,000 7,002,600 12,619,000
3250 7,522,300 7,301,400 12,557,000
3200 7,243,100 7,322,700 12,547,000

ADPAC Solution (Fixed RPM/Fixed Core, ft−lbf/sec)

Shaft RPM Fan LP Turbine HP Turbine

3538.5 8,182,000 8,182,000 11,625,300

NEPP Solution (Design Point)
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NEPP

INPUT INPUT OUTPUT

ADPAC

OUTPUT

Design/Off−Design Conditions

Component Performance Maps

Input

Mesh
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Component
Performance
Solution

Restart
File

Restart File
A

B

C

D

ADPAC/NEPP Interaction

A.  Use NEPP output to create ADPAC Boundata and Restart files 
1.  No direct link between NEPP and APAC
2.  NEPP output file updates EXIT and INLET conditions and RPM boundata file
3.  NEPP output file creates ADPAC restart file to aid in "start−up" process

B.  Create coding changes in NEPP to perform A
C.  Use SYSTEM call in ADPAC boundata file to run NEPP from ADPAC 
D.  Use front−end script to control NEPP−ADPAC interations 
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